dioxide (TiO2) coatings onto glass beads from a P25 enriched sol of titanium butoxide is described. This method gives a robust and stable covering, to which small bismuth containing clusters of 1-5 nm have been introduced using a simple and scalable sequential ionic layer adsorption reaction (SILAR) method. This bismuth-modified TiO2 coating has been proven to show significant improvements over the pristine TiO2 samples for a variety of different pollutants including intermediates in consumer product manufacture, pesticides, drugs and explosives. Using scavenger tests, the mechanism of degradation for each of the pollutant molecules tested has been probed, and a thorough discussion of the differences presented. The applicability of the system has also been assessed, with ease of re-use of the photocatalyst-bead apparatus investigated through recycling tests.
Introduction
Technologies for water purification are becoming increasingly important in the modern world 1 . Lack of access to even basic water purification currently affects around 844 million people 2 , a number which is expected to rise in coming years 3, 4 . An increasing global population and increased industrialization is likely to cause further water stress 5 as natural drinking water sources become too polluted to be fit for safe consumption. It is key therefore to develop cheap and reliable methods of removing such pollutants from drinking water. A large component of impurities that may be present in drinking water sources are organic in nature, which can arise from a wide variety of sources such as leeching from agriculture 6,7 , medical wastes 8, 9 , and domestic 10 or industrial 11, 12 effluents. Thus, it is important that any remediation strategy is effective against such a wide range of different pollutants. One method which has generated significant interest in recent years is that of semiconductor photocatalysis [13] [14] [15] . Through photocatalytic generation of reactive oxygen species (ROS), semiconductors such as titanium dioxide (TiO2) can mineralize organic pollutants eventually converting them into harmless CO2 and H2O 16 . To date, most photocatalytic water purification literature focuses on single test pollutants or small groups of similar compounds, and very few examples exist of photocatalysis being thoroughly tested against a broad spectrum of chemically dissimilar molecules. The work described herein aims to highlight some of the differences in activity and mechanism which arise when carrying out such a study. While much work has been undertaken in design and development of new photocatalytic materials, often overlooked are the challenges that exist in producing an applicable system using such materials. Achieving high photocatalytic degradation rates necessitates the photocatalyst being nanoscale due to relatively short lifetimes of photogenerated charges 17 . This presents a problem in separation of the photocatalyst particles post-use, as the typical centrifugation method used in the laboratory scale [18] [19] [20] is not suitable for large scale water purification Much work has been undertaken in remedying this by forming magnetic composites 21, 22 , however this restricts the choice of semiconductors available for use to those which exhibit magnetic properties under ambient conditions. Much simpler is the immobilization of the photocatalyst on a macroscopic support such as glass, removal of which is trivial. To date, TiO2 is the most commonly studied material in this field due to its low cost and environmental friendliness, however improvements can be made by formation of a composite with another suitable semiconductor [23] [24] [25] . Composites often improve on pristine TiO2 by expanding the absorption into the visible and/or improving charge separation across the interface between the two materials [26] [27] [28] . For this purpose, composites of bismuth with TiO2 have gained considerable interest in recent years, with many examples of bismuth vanadate 29, 30 , tungstate 31, 32 , molybdate 33 and oxide 34 having been reported in the literature. Previous work within our group has found that bismuth titanate (Bi4Ti3O12, BTO) shows promise for this purpose 35 , giving both moderate extension of the light absorption into the visible and good charge separation due to offset valence and conduction bands when composited with TiO2.
In this work we describe a method by which TiO2 is robustly coated onto the surface of glass beads using a P25 enriched Ti sol. This process produces a film of P25 particles with a degree of surface roughness derived from the sol, which binds strongly to the glass surface. To this composite, a simple, scalable sequential ionic layer adsorption reaction (SILAR) is applied, giving nanoplates of bismuth oxybromide. After annealing this bismuth oxybromide decomposes, giving very small bismuth containing nanoparticles covering the surface of the P25. The photocatalytic activity of these immobilized bismuth containing TiO2 composites has been thoroughly investigated in the degradation of four classes of compound: herbicides, pesticides, drugs and explosives, and the key reactive species has been identified in each case. Further investigations into the ease of recycling of the photocatalytic bead system has also been carried out, with almost no loss in activity noted against each of the pollutants tested after five recycles. Thus, this work aims to produce both a highly applicable photocatalytic system with good stability and a simple mechanism for re-use, with activity against a variety of different pollutants of interest. In doing so this work provides the framework by which this system may move beyond the laboratory.
Experimental Section Photocatalyst Bead Preparation
Soda-lime glass beads were added into a solution of potassium bifluoride (10 mg ml -1 ) and left to etch for 4 days, with occasional agitation. The beads were then rinsed thoroughly with water, then sonicated in water for 15 minutes, followed by rinsing with ethanol and sonication in ethanol for a further 15 minutes. The beads were then recovered by filtration and dried at 100 o C for 30 minutes. Once dry and cool, the beads were then subjected to a treatment with TiCl4 (40 mM) at 70 o C for 30 minutes. The beads were then filtered and washed with water and ethanol before drying in the same manner as before. The etched and treated beads were then annealed at 500 o C for 30 minutes. The suspension used for coating the etched beads was prepared as follows. A Ti(OBu)4 sol was first prepared by adding Ti(OBu)4 (1 ml) to a mixture of n-butanol (20 ml) and HCl (0.23 ml, 37%) slowly under vigorous stirring. To this sol was added P25 TiO2 (0.667 g) and the resulting suspension stirred overnight before use. While not in use this suspension was constantly stirred. The etched and treated glass beads were then coated with the suspension by immersion of an appropriate amount of the beads in the prepared suspension for 5 minutes. The excess suspension was then drained by initially decanting and then using a syringe to remove the last few drops. The beads were then spread on a glass dish and heated to 150 o C while constantly swirling the dish to ensure an even coating until the beads were dry and not clumped together. The beads were then annealed at 500 o C for 1 hour. This process was repeated three times to build up a larger amount of TiO2 on the bead surface. This was found to deposit around 0.2 mg of photocatalytic material onto the surface of each bead. To simplify some of the analytical methods used to characterise the materials, where a flat surface is required, standard microscope slides were coated with the TiO2 suspension by dip-coating. The slides were wiped clean on one side, and allowed to dry at 150 o C until dry. The coated slides then annealed at 500 o C for 1 hour. This process was repeated three times as before. Modification with bismuth was carried out using a sequential ionic layer adsorption reaction (SILAR) method according to our previously reported procedure 35 . The TiO2 coated glass beads were firstly packed into a standard chromatography column. Two solutions were then prepared, solution A consisting of Bi(NO3)3 in water (1 mM), and solution B consisting of KBr (1 mM) in water. Solution A was added to the column in enough volume such that the beads were fully immersed, and left to stand for 300 seconds. Solution A was then drained and deionised water was then added and allowed to stand for 300 seconds. The water was then drained and solution B added and allowed to stand for 300 seconds. After draining, water was finally added and allowed to stand for another 300 seconds. This process is termed as one SILAR cycle, and was repeated 7 times to give a greater loading of bismuth onto the bead surface. To convert the SILAR deposited BiOBr made using this method, the coated glass substrates were then annealed at 600 o C in air, for 1 hour. Modification of the coated microscope glass was achieved in similar fashion. TiO2 coated glass slide substrates were dipped for 300 seconds into a beaker containing solution A, then washed with de-ionised water for 300 seconds, then dipped into solution B for 300 seconds, before finally washing with water for a further 300 seconds. As before, this was repeated 7 times, before finally drying and annealing at 600 o C for 1 hour in air.
Photocatalyst Characterisation
X-ray diffraction studies were performed using a Bruker D2 phaser using Cu kα radiation. SEM images were collected using a Carl Zeiss SIGMA HD VP Field Emission SEM, operated in InLens mode with a 10 kV accelerating voltage. SEM-EDS measurements were made on the same instrument, using an Oxford AZtec ED X-ray analysis set up. TEM images were captured using a JEOL JEM 2011 microscope and a FEI Titan Themis electron microscope. Elemental maps were obtained using a Super-X high sensitivity windowless EDX detector attached to the FEI Titan Themis electron microscope. Analyses accompanied by an error have been calculated based on three separate measurements.
Photocatalyst Testing
Photocatalytic testing was carried out in a simple glass dish fitted with a plastic cup to hold a stirrer bar. A quantity of photocatalyst coated beads sufficient to form a monolayer (8g), were added to the dish and a pollutant solution (5 ml) was then added. The pollutants chosen were pentachlorophenol, nonylphenol, tetracycline hydrochloride, paracetamol, trinitrotoluene or nitrotriazolone of 20 ppm concentration. To improve the solubility of pentachlorophenol and nonylphenol, they were dissolved in 50 mM KOH solution. Absorption maxima of these solutions were determined using a Jasco J670 UV-vis Please do not adjust margins Please do not adjust margins spectrophotometer. The photocatalytic beads were stirred in contact with a pollutant solution in the dark until no change in the absorption maximum was noted. A foil cover slip was then placed over the top of the dish and the entire apparatus irradiated with two LED arrays of 5 LEDs (410 nm peak wavelength, 4W total, Intelligent LED solutions). At certain time points samples were withdrawn and the absorption measured using the same spectrophotometer as before to calculate the degradation. Recycle tests were carried out by rinsing the beads with water and leaving them to dry overnight before addition of fresh pollutant solution and determining the degradation efficiency at the same final time point that was used for the pollutant in question. Scavenging tests were carried out using methanol, tertiary butanol and degassing using N2. Methanol and tertiary butanol were introduced in 50 mM concentration to the pollutant solutions and the photocatalytic degradation tests carried out as before. Degassing with N2 to remove O2 was carried out by bubbling N2 through the pollutant solutions for 30 minutes prior to degradation tests. Error bars were calculated based on three separate measurements.
Results & Discussion

Photocatalyst Bead Preparation
Glass beads were chosen as a suitable substrate for photocatalyst immobilization due to their thermal stability, a key factor considering the annealing temperatures common for oxide materials, and for their versatility for filling various irregularly sized containers. The general process of producing the photocatalytic bead system is given in Figure 1a . Before deposition of P25, roughening of the glass beads via fluoride etching and treating the rough surface with TiCl4 to give a compact TiO2 layer 36 was found to improve the adhesion of the latterly applied P25 particles. Coating using a suspension of P25 in a sol of Ti(OBu)4 rather than the typical suspension in water or alcohols 37, 38 was found to give a well attached coverage of titania on the bead surface, with only relatively severe impacts able to remove the material from the bead surface. Indeed, compared to our previously work using a simple P25 suspension in water, this method was found to be significantly better in terms of robustness of the resulting coating. To this coating, modification using a sequential ionic layer adsorption reaction (SILAR) process to give BiOBr was applied, details of which are given in Figure 1b . SILAR is ideally suited as a method by which immobilized materials may be modified in a simple and scalable way. In this work SILAR was carried out 7 times to build up a greater amount of BiOBr on the bead surface, before drying and annealing. Due to the heating in the annealing stage, decomposition of the BiOBr takes place as noted by our own previous work 35 , and that of Zhang et al 39 , consuming the nearby titania to form bismuth titanate in the process. The resulting material is termed 7xBTO for the remainder of this work. It was noted that this process deposits around 0.2 mg of photocatalytic material onto the surface of each bead. Film thickness however, could not be determined in scanning Please do not adjust margins
Please do not adjust margins microscopy (vide infra) due to the curved substrate surface of the bead.
Photocatalytic Material Characterisation
X-ray diffraction (XRD) studies on the prepared pristine TiO2 coatings and 7xBTO sample showed little difference between the two materials ( Figure S1 ). No new peaks were observed on SILAR processing which could be indexed, although an indistinct bump in the baseline can be observed between ~25 o and ~35 o when the traces were stacked together ( Figure S2 ). The peaks which were observed can be indexed clearly to the anatase and rutile peaks expected in P25 (JCPDS card numbers: 21-1272 & 76-1940) . The lack of peaks corresponding to BTO could be due particle sizes resulting in amorphous characteristics. Often in samples prepared by SILAR the crystal domain sizes can be small initially 40 where the material has had little chance to grow into a crystal large enough to be observed in the XRD. Further investigations into the particle size were conducted by scanning electron microscopy. Prior to thermal decomposition of the BiOBr precursor, large nanoplates of BiOBr could be observed covering the whole surface of the film ( Figure S3 ), a typical morphology with which bismuth oxyhalides have been found to form 41, 42 . After annealing however these nanoplates disappear, indicating decomposition of the BiOBr. Both pristine (Figure 2a ) and 7xBTO modified materials (Figure 2b ) display a porous network of interconnected particles. A particle size increase was noted upon modification of the TiO2 surface, likely due to the higher temperatures used to decompose the BiOBr precursor. Energy dispersive x-ray spectroscopy (EDX) analysis of the material revealed the presence of ~5 atomic % Bi present in the material (Figure 3a) . No loss of bismuth was apparent before and after annealing however no peaks were observed for Br after annealing, indicating the complete decomposition of the BiOBr precursor in forming BTO. The levels of Bi and Br in the original BiOBr material were found to not be 1:1, as would be expected for pure BiOBr. However, many different stoichiometries of BiOBr exist, such as Bi24O31Br10, Bi4O5Br2, Bi3O4Br and Bi5O7Br 43, 44 , which have different Bi:Br ratios. It may also be possible to form a mixture of BiOBr materials in a single sample, which could be the origin of the nonstoichiometry observed in the EDX analysis. Transmission electron microscope (TEM) images revealed the effect of a sol based P25 coating suspension versus coating from a water based P25 suspension. Covering the surface of the particles in the pristine TiO2 sample were very small clusters, giving the particles a certain amount of surface roughness (Figure 3b ). These clusters were not observed in the absence of the Ti(OBu)4 sol ( Figure S4 ) and can be concluded to arise from decomposition of the sol under raised temperatures. After SILAR processing and annealing, these particles were found to have grown to particles around 5 nm (Figure 3c ), which could again be due to the increased annealing temperature used to decompose the BiOBr precursor, or growth of the BTO material on these high surface energy particles. The particles grown in this way were observed to be highly dependent on the beam conditions, aggregating when the TEM beam was kept in place for extended periods of time. TEM high angle annular dark field (HAADF) and the corresponding elemental mapping revealed Please do not adjust margins
Please do not adjust margins the distribution of Bi on the titania particle surface (Figure 3d , e & f). While some Bi was found across much of the particles, higher concentrations were observed in areas coinciding with the small particles, suggesting that the growth of these particles is in part driven by growth of BTO on these secondary particles.
Photocatalytic Test Pollutant Choice
Model pollutants used in testing were chosen based on key examples from important molecule classes, such as pesticides, drugs and explosives. Pentachlorophenol, nonylphenol, trinitrotoluene, nitrotriazolone, paracetamol and tetracycline were chosen in this work, giving a diverse sample of targets with different structural features to test against. The structures of the pollutants are given in Figure 4 . Pentachlorophenol (PCP) was used as a model pesticide pollutant, having been noted as a having renal, carcinogenic and neurological effects 45 , its removal has been designated a priority by the European Union Water Framework Directive (EUWFD) 46 . Nonylphenol (NP) is another phenolic pollutant priority substance of the EUWFD used in this study, being an endocrine disruptor 47 commonly used in the manufacture of consumer products such as nonylphenol ethoxylates, which are typically used in surfactants 48 . Leeching of explosives into drinking water sources from the mining industry and military operations has been noted to cause significant contamination of drinking water sources 49, 50 . Typically containing nitro groups, these molecules are resistant to standard oxidation processes due to the electron withdrawing nature of these substituents 51 . As such, two widely used explosives, trinitrotoluene (TNT) and nitrotriazolone (NTO), were chosen for study, with TNT being a known poison with hematological effects 52 and NTO exposure being suggested to cause reductions in sperm production in mammalian model studies 53 . The presence of pharmaceutical molecules in drinking water has been noted as an area of increasing concern in recent years 54 . The popular analgesic drug paracetamol (PC) has been found at relatively high concentrations of 6 ppb in treated water samples 55 , and while its toxicity is not high, low continuous doses have been suggested to be a target for removal as a precautionary measure 56 . Tetracycline (TC) is a common anti-biotic compound often studied in photocatalytic degradation tests 57 , removal of low levels of which from water is key in avoiding the spread of anti-biotic resistant bacteria 58 .
Photocatalytic Test Set Up
In testing of the photocatalyst coated beads, a simple dish batch reactor fitted with a stirrer bar on a raised platform to avoid direct contact with the beads was used, irradiated with a 410 nm LED array from below. Photographs of the reactor and a setup schematic may be found in the supporting information ( Figure S5 ).
Photocatalytic Testing
Photocatalytic degradation reactions are known to follow pseudo first order kinetics 59 , and therefore the rate constant can be given by the following equation:
Where C is the concentration of a pollutant at a certain time point, C0 is the initial pollutant concentration, k is the rate constant and t is time. Accordingly, the rate constant can be determined from the slope of a plot of -ln(C/C0) against time.
Prior to irradiation, each bead set up was allowed to stir in the dark to measure any dark adsorption ( Figure S6 ). Minimal adsorption was observed for all of the pollutants other than TC, which showed strong adsorption over 30 minutes. Such adsorption has been previously reported and shown to be beneficial in the overall degradation process 60 . Upon irradiation, each species was observed to degrade at somewhat different rates, with different improvements over the TiO2 and photolysis controls. In every case however, the BTO-modified photocatalyst performed substantially better than unmodified TiO2. First order rate constants for the 7xBTO samples and controls are given in Figure 5 , with rate plots given in the supporting information ( Figure S7 -S12). Highest activity was noted for the degradation of TC, achieving ~94% removal in Figure 4 . Structures of the model pollutants studied Figure 5 . First order rate constants for photolysis, TiO2 photocatalysis and 7xBTO photocatalyst beads against the chosen pollutants.
4 minutes of irradiation, a first order rate constant of 0.67 min -1 , note should be taken of the scaling necessary in Figure 5 to bring the bar into a similar range to the others due to this high efficiency. It is possible that some sensitization of the semiconductor was occurring due to this surface adsorption of TC, as the LED used has some overlap with the absorption spectra of TC. During the test it is possible that this increased activity, and relatively high activity on plain TiO2, is in part due to excitation and subsequent electron or hole transfer from TC to the semiconductor photocatalyst. This process is often noted for dye molecules used in photocatalytic testing, and is known as dye-sensitisation or self-sensitisation 61, 62 . While this can be advantageous as it typically increases photocatalytic rates, care should be taken when suggesting photocatalytic activity based on such a test alone. Indeed, it has been noted that some reported materials have little to no activity in the absence of this effect 63 , and much of the literature should be treated with caution. Aside from TC, the other molecules studied showed varying degrees of activity, with rate constants ranging from 0.017 min -1 for PCP to 0.10 min -1 for NTO. Interestingly, there seemed little link between structural features and degradation rate. PCP, PC and NP may be grouped together as phenolic pollutants; however, it can be noted that PCP degrades much slower than PC and NP. A likely caused for this could be the highly electron deficient nature of the aromatic ring system due to the presence of five chlorine substituents. Often for phenolic pollutants a key step is the hole driven oxidation of the phenol ring, followed by hydroxylation of the resulting radical 64 . Previous studies on pentachlorophenol have suggested that the presence of multiple electron withdrawing groups will make such molecules resistant to oxidation in this way 65 . Aside from the phenolic type pollutants, TNT and NTO can be grouped as nitro group containing compounds. While greater in similarity in terms of their degradation rate than the phenolic pollutants, it was noted that NTO was destroyed somewhat quicker than TNT. This difference can be ascribed once again to the effects of self-sensitisation of NTO on the photocatalyst surface. NTO has an absorption tail into the emission wavelength region of the LED light source and hence a similar sensitization mechanism as described for TC can be assumed. This study highlights the significant differences in photocatalytic degradation rates that can be demonstrated even when studying relatively similar molecules, suggesting that there may be many previously reported photocatalyst materials which may behave very differently against targets other than those for which they have been reported. While some thorough studies covering large groups of similar compounds exist 66, 67 , it is much more common to test on a single model pollutant, and as such there are many studies to date which may not completely reflect potential of the material in question. While there is clearly a place for short studies using a single pollutant to demonstrate interesting activity, if claims are to be made about the promise or otherwise of a material, demonstration of activity against a broader pollutant scope is key. A commonly applied method for the identification of the key reactive species involved in a photocatalytic degradation experiment is to scavenge for these reactive species 16 . Introduction of a large excess of certain molecules soaks up reactive species generated photocatalytically, effectively removing them from the reaction. In this work, methanol, tertiary butanol, and degassing with N2 have been applied to scavenge for holes 68 , hydroxyl radicals 69 , and O2 as an electron acceptor 70 respectively. Quantification of the degradation was achieved according to degradation efficiency (DE) achieved by the photocatalyst upon the spiked pollutant solutions, using the equation below:
Where DE is the degradation efficiency as a percentage, and all other components are defined as in the pseudo 1 st order rate equation. The results of the scavenging tests are shown in Figure 6a . Both PCP and PC showed significant losses in activity on introduction of methanol, supporting the previously reported degradation pathway of oxidation via surface holes. However, the other phenolic pollutant NP showed no loss in activity when spiked with methanol, instead a slight increase in DE was noted indicating that this mechanism does not hold for NP. Instead the greatest loss of efficiency was observed upon degassing the solution with N2, shutting down the possibility of formation of the superoxide ion by electron transfer from the semiconductor valence band to O2. The increase in DE upon addition of methanol supports the main reactive species involved in the degradation of NP is generated via electron transfer reactions to O2. As addition of methanol is scavenging for holes the chance that photoexcited electrons in the conduction band will simply recombine is reduced, leaving them free to form greater quantities of superoxide. It has been shown that combining NP with other organic molecules can, in fact, increase degradation rates as the akyl chains of nonyl phenol assist in bringing non-polar molecules in close proximity to the photocatalyst surface 71 . Scavenging tests on TC showed a decrease in the DE for every scavenger introduced. Thus, no single reactive species can be concluded to be essential for the degradation of TC, the decomposition of which likely goes by a combination of different mechanisms. Given the size and relative complexity of the TC molecule compared to the other pollutants tested, it is unsurprising that TC may have multiple different degradation routes. The nitro group containing TNT and NTO pollutants demonstrated only very slight losses in activity on introduction of any of the scavenger molecules. It was noted that upon introduction of scavengers to the degradation of TNT and NTO that a new asymmetrical peak at around 197 nm appeared ( Figure S13 & S14) . It is known that nitrate (NO3 -) has an absorption peak in this wavelength region 72 , which is known to be sometimes formed when nitro containing compounds are photocatalytically degraded 73 . It has been shown that nitrate can affect photocatalytic reactions by scavenging for hydroxyl radicals 74 , explaining why when other scavengers for such species are introduced that the nitrate concentration is able to rise. Hence, while no loss in the destruction of TNT and NTO was noted upon addition of any of the scavengers, it is clear that these species do play a role in the degradation.
Photocatalytic Recyclability
In terms of usability of photocatalyst systems, the recyclability is key in producing a working solution for water treatment. Recycling tests were carried out by introducing fresh pollutant solution and testing in the same way as before and quantified according to their DE, the results of which are given in Figure  6b . No losses in activity were noted for the photocatalyst against all pollutants other than nonyl-phenol, where the DE decreased from ~56% to around 35% at its lowest. Losses such as this can be due to incomplete destruction of the pollutant, leaving degradation products on the semiconductor surface and hindering the degradation of fresh pollutant. Interestingly, there appeared to be a small increase in activity for NTO after recycling, going from ~93% to ~99% DE. This could be due to the same self-sensitisation effect noted earlier, where some of the NTO molecules are retained from the previous run and are able to sensitise the 7xBTO material to the LED light source, increasing the DE. The good recyclability demonstrated in this work is a key feature of the photocatalyst bead system, where the photocatalytic material is both stable under irradiation and adhered well enough to the substrate to be repeatedly immersed in water samples with no loss of activity. Coupling such recyclability with the immobilization of the photocatalyst material indicates the potential of a system such as this for real world application.
Conclusions
The removal of contaminants from water sources by photocatalysis is a method with potential for application beyond the laboratory. Sequential ionic layer adsorption reaction (SILAR) processing of TiO2 immobilised on glass beads has been demonstrated as a method by which a simple, reusable photocatalyst system can be generated. This system has been applied against a variety of different pollutants including drugs, pesticides, industrial intermediates and explosives using an inexpensive 410 nm LED light source. An investigation into the mechanism of photocatalytic degradation of the prepared photocatalyst beads against each target molecule is presented, concluding that even when comparing pollutants with similar structural features distinct differences in mechanism can be noted. The application of such a system in the real world relies upon the ability to simply re-use the photocatalyst system, which has been investigated through recyclability tests. Each pollutant tested in this study showed little to no loss of photocatalyst activity after five recycles, indicating the good stability of the material, and the strong adhesion to the glass bead substrate. This work demonstrates the viability of our immobilized and enhanced TiO2-based system to a wide range of pollutants, however also draws attention to the major differences in photocatalytic rates which can be demonstrated against different target molecules.
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